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            Abstract
Linkage disequilibrium mapping in isolated populations provides a powerful tool for fine structure localization of disease genes. Here, Luria and Delbrück's classical methods for analysing bacterial cultures are adapted to the study of human isolated founder populations in order to estimate (i) the recombination fraction between a disease locus and a marker; (ii) the expected degree of allelic homogeneity in a population; and (iii) the mutation rate of marker loci. Using these methods, we report striking linkage disequilibrium for diastrophic dysplasia (DTD) in Finland indicating that the DTD gene should lie within 0.06 centimorgans (or about 60 kilobases) of the CSF1R gene. Predictions about allelic homogeneity in Finland and mutation rates in simple sequence repeats are confirmed by independent observations.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Exome-wide analysis implicates rare protein-altering variants in human handedness
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 April 2024
                                    

                                

                                Dick Schijven, Sourena Soheili-Nezhad, … Clyde Francks

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The variation and evolution of complete human centromeres
                                        
                                    

                                    
                                        Article
                                         Open access
                                         03 April 2024
                                    

                                

                                Glennis A. Logsdon, Allison N. Rozanski, … Evan E. Eichler

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Genome-wide association studies
                                        
                                    

                                    
                                        Article
                                        
                                         26 August 2021
                                    

                                

                                Emil Uffelmann, Qin Qin Huang, … Danielle Posthuma

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Collins, F.S. Positional cloning: Let's not call it reverse anymore. Nature Genet. 1, 3–6 (1992).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lander, E.S. & Botstein, D. Mapping complex genetic traits in humans: new methods using a complete RFLP linkage map. Cold Spring Harbor Symposia on Quantitative Biology 51, 49–62 (1986).
Article 
    PubMed 
    
                    Google Scholar 
                

	Kerem, B.-S. et al. Identification of cystic fibrosis gene: genetic analysis. Science 245, 1073–1080 (1989).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nevanlinna, H.R. The Finnish population structure-A genetic and genealogical study. Hereditas 71, 195–236 (1972).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Norio, R., Nevanlinna, H.R. & Perheentupa, J. Hereditary diseases in Finland; rare flora in rare soil. Ann. clin. Res. 5, 109–141 (1973).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Norio, R. in Biocultural aspects of disease (eds H. Rotschild) 359–415 (Academic Press, New York, 1981).

                    Google Scholar 
                

	Walker, B.A., Scott, C.I., Hall, J.G., Murdoch, J.L. & McKusick, V.A. Diastrophic dwarfism. Medicine 51, 41–59 (1972).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hästbacka, J., Kaitila, I., Sistonen, P. & de la Chapelle, A. Diastrophic dysplasia gene maps to the distal long arm of chromosome 5. Proc. natn. Acad. Sci. U.S.A. 87, 8056–8059 (1990).
Article 
    
                    Google Scholar 
                

	Hästbacka, J. et al. A linkage map spanning the locus for diastrophic dysplasia. Genomics 11, 968–973 (1991).
Article 
    PubMed 
    
                    Google Scholar 
                

	Luria, S.E. & Delbrück, M. Mutations of bacteria from virus sensitivity to virus resistance. Genetics 28, 491–511 (1943).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Cavalli-Sforza, L.L. & Bodmer, W.F. The Genetics of Human Populations. pages 71–110. (Freeman, San Francisco, 1971).

                    Google Scholar 
                

	Stevenson, A.C. & Kerr, C.B. On the distribution of frequencies of mutations to genes determining harmful traits in man. Mut. Res. 4, 339–352 (1967).
Article 
    CAS 
    
                    Google Scholar 
                

	Hill, W.G. & Weir, B.S. Variances and covariances of squared linkage disequilibria in finite populations. Theor. pop. Biol. 33: 54–78 (1988).
Article 
    CAS 
    
                    Google Scholar 
                

	Kaplan, N. & Weir, B.S. Expected behavior of conditional linkage disequilibrium. Am. J. hum. Genet. 51: 333–343 (1992).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Morton, N.E. in Population structure and genetic disorders (eds A.W. Eriksson, H.R. Forsius, H.R. Nevanlinna, P.L. Workman & R.K. Norio) 43–56 (Academic Press, London, 1980).

                    Google Scholar 
                

	Gedde-Dahl, T. Genetisk epidemiologi i Norge. Finska läkaresällskapets handlingar 135, 199–213 (1992).

                    Google Scholar 
                

	Goodman, R.M. in Population structure and genetic disorders (eds A.W. Eriksson, H.R. Forsius, H.R. Nevanlinna, P.L. Workman & R.K. Norio) 337–351 (Academic Press, London, 1980).

                    Google Scholar 
                

	Klein, D. & Rabinowicz, T. in Population structure and genetic disorders (eds. A.W. Eriksson, H.R. Forsius, H. R. Nevanlinna, P. L Workman & R. K. Norio) 367–382 (Academic Press, London, 1980).

                    Google Scholar 
                

	Kirk, R.L. in Population structure and genetic disorders (eds. A. W. Eriksson, H.R. Forsius, H.R. Nevanlinna, P.L. Workman & R.K. Norio) 113–137 (Academic Press, London, 1980).

                    Google Scholar 
                

	Sirugo, G. et al. Friedreich ataxia in Louisiana Acadians: demonstration of a founder effect by analysis of microsatellite-generated extended haplotypes. Am. J. hum. Genet. 50, 559–566 (1992).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Syvänen, A.-C. et al. Convenient and quantitative determination of the frequency of a mutant allele using solid-phase minisequencing: application to aspartylglucosaminuria in Finland. Genomics 12, 590–595 (1991).
Article 
    
                    Google Scholar 
                

	Mononen, T., Mononen, I., Matilainen, R. & Airaksinen, E. High prevalence of aspartylglucosaminuria among school-age children in eastern Finland. Hum. Genet. 87, 266–268 (1991).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mitchell, G.A. et al. At least two mutant alleles of ornithine--aminotransferase cause gyrate atrophy of the choriod and retina in Finns. Proc. natn. Acad. Sci. U.S.A. 86, 197–20 (1989).
Article 
    CAS 
    
                    Google Scholar 
                

	Brody, L.C. et al. Ornithine -aminotransferase mutations in gyrate atrophy. J. biol. Chem. 267, 3302–3307 (1992).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Jeffreys, A.J., Royle, N.J., Wilson, V. & Wong, Z. Spontaneous mutation rates to new length alleles at tandem-repetitive hypervariable loci in human DNA. Nature 332, 278–281 (1988).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Roberts, W.M., Look, A.T., Roussel, M.F. & Sherr, C. Tanden linkage of human CSF-1 receptor (c-fms) and PDGF receptor genes. Cell 55, 655–661 (1988).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sherr, C.J. Colony-stimulating factor-1 receptor. Blood 75, 1–12 (1990).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Sambrook, J., Fritsch, E.F. & Maniatis, T. Molecular Cloning, a Laboratory Manual (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 1989).

                    Google Scholar 
                

	Dietrich, W. et al. A genetic map of the mouse suitable for typing intraspecific crosses. Genetics 131, 423–447 (1992).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Hampe, A., Shamoon, B.-M., Gobet, M., Sherr, C.J. & Galibert, F. Nucleotide sequence and structural organization of the human FMS proto-oncogene. Oncogene Res. 4, 9–17 (1989).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Xu, D.Q.X., Guilholt, S. & Galibert, F. Restriction fragment length polymorphism of the human c-fms gene. Proc. natn. Acad. Sci. U.S.A. 82, 2862–2865 (1985).
Article 
    CAS 
    
                    Google Scholar 
                

	Verbeek, J.S., Roebroek, A.J.M., Van Den Ouweland, A.M.W., Bloemers, H.P.J. & Van De Ven, W.J.M. Human c-fms proto-oncogene: comparative analysis with an abnormal allele. Molec. cell Biol. 5, 422–426 (1985).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Polymeropoulos, M.H., Xiao, H., Rath, D.S., Merril, C.R. Dinucleotiderepeat polymorphism at the human proto-oncogene CFS-1 receptor (CSF1 R). Nucl. Acids Res. 19, 1160 (1991).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Weir, B.S. Genetic Data Analysis (Sinauer, Sunderland, Massachusetts, 1990).

                    Google Scholar 
                

	Sahorta, S. Haldane's solution of the Luria-Delbruck distribution. Genetics 127, 257–261 (1991).

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Medical Genetics, University of Helsinki, and Folkhälsan Institute of Genetics, 00290, Helsinki, Finland
Johanna Hästbacka, Albert de la Chapelle & Ilkka Kaitila

	Department of Medical Genetics, Helsinki University Central Hospital, Helsinki, Finland
Ilkka Kaitila

	Finnish Red Cross Blood Transfusion Service, Helsinki, Finland
Pertti Sistonen

	Whitehead Institute for Biomedical Research, Cambridge, Massachusetts, 02142, USA
Alix Weaver & Eric Lander

	MIT Center for Genome Research and Department of Biology, Massaschusetts Institute of Technology, Cambridge, Massachusetts, 02139, USA
Eric Lander


Authors	Johanna HästbackaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Albert de la ChapelleView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ilkka KaitilaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pertti SistonenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alix WeaverView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eric LanderView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Hästbacka, J., de la Chapelle, A., Kaitila, I. et al. Linkage disequilibrium mapping in isolated founder populations: diastrophic dysplasia in Finland.
                    Nat Genet 2, 204–211 (1992). https://doi.org/10.1038/ng1192-204
Download citation
	Received: 24 July 1992

	Accepted: 04 September 1992

	Issue Date: 01 November 1992

	DOI: https://doi.org/10.1038/ng1192-204


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Linkage disequilibrium under polysomic inheritance
                                    
                                

                            
                                
                                    	Kang Huang
	Derek W. Dunn
	Baoguo Li


                                
                                Heredity (2022)

                            
	
                            
                                
                                    
                                        Association mapping identifies quantitative trait loci (QTL) for digestibility in rice straw
                                    
                                

                            
                                
                                    	Duong T. Nguyen
	Leonardo D. Gomez
	Simon J. McQueen-Mason


                                
                                Biotechnology for Biofuels (2020)

                            
	
                            
                                
                                    
                                        SNX10 gene mutation leading to osteopetrosis with dysfunctional osteoclasts
                                    
                                

                            
                                
                                    	Eva-Lena Stattin
	Petra Henning
	Ulf H. Lerner


                                
                                Scientific Reports (2017)

                            
	
                            
                                
                                    
                                        Association mapping by pooled sequencing identifies TOLL 11 as a protective factor against Plasmodium falciparum in Anopheles gambiae
                                    
                                

                            
                                
                                    	Seth N. Redmond
	Karin Eiglmeier
	Kenneth D. Vernick


                                
                                BMC Genomics (2015)

                            
	
                            
                                
                                    
                                        Genome-wide association study of 29 morphological traits in Aegilops tauschii
                                    
                                

                            
                                
                                    	Yaxi Liu
	Lang Wang
	Youliang Zheng


                                
                                Scientific Reports (2015)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Genetics (Nat Genet)
                
                
    
    
        ISSN 1546-1718 (online)
    
    


                
    
    
        ISSN 1061-4036 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
